Bacteriologic samples from 31 young men were cultured quantitatively for aerobes and anaerobes; these samples included 31 specimens of tonsils (16 infected and 15 healthy), 16 specimens from pericoronal pockets of lower third molars (11 infected and 5 symptom-free), and 6 postoperative specimens from lower-third-molar extraction sockets. Anaerobes were isolated more often from infected third molars than from infected tonsils (14.5 isolates vs. 8.4 isolates, respectively; P < .001).
According to the records of medical services at the Finnish Defence Forces (Helsinki) during 1986-1993, acute tonsillitis accounted for an average of 9% of all respiratory tract infections in conscripts each year [1a] . Problems related to third molars comprised about one-fourth of the reasons for dental treatment of the same conscripts, and about 35% of these reasons were due to pericoronitis [1] ; more than 70% of the thirdmolar-related treatments of these conscripts were surgical. Most indications for third-molar surgery are abnormal eruption, malposition, "no opposing tooth," cheek biting, pericoronitis, periodontitis, caries, and orthodontic reasons [2, 3] . For a long time, oral surgeons have recommended removal of third molars in cases where there is no possibility for complete eruption or normal occlusion with opposing teeth [4] .
Pericoronitis is inflammation of the soft tissues around the crown of any partly erupted tooth; in most cases (91%-95% [1, 5] ), the inflammation is around the lower third molars. They are the commonest impacted teeth with the path of eruption obstructed [6] because of malposition [7] or a too-narrow space between the second molar and the ramus of the mandible [8] .
The common age of eruption of third molars is 20 years [9] ; therefore, the incidence of pericoronitis is highest among individuals 20-25 years of age [10] . This infection ranks first [11] or second [12] in acute oral problems in adolescents and is a particular problem in military medicine [13] .
Bean and King [14] and Kay [10] first suggested an association between pericoronitis and respiratory tract infections. In a recent survey of army conscripts, our study group [15] showed that the frequency of patients with tonsillitis combined with pharyngitis and all respiratory tract infections was significantly increased during the 2 weeks preceding acute pericoronitis and during the first week after pericoronitis. During the first week after third-molar extractions, the total number of respiratory tract infections was also significantly increased. The anatomically close relationship between tonsils and lower third molars favors the hypothesis of common pathogens of tonsillitis and pericoronitis.
Gram-negative anaerobic bacterial species have been suggested as pathogens of pericoronitis [5, [16] [17] [18] [19] . Spirochetes and fusobacteria have been previously reported as suspected pathogens of pericoronitis [5, 16] . Prevotella intermedia [17] , Actinobacillus actinomycetemcomitans [17] , Peptostreptococcus micros [18] , and Veillonella species [18] have been recently isolated from patients with pericoronitis. Leung et al. [19] reported that the microflora of pericoronal pockets of symptomfree lower third molars resembled the species causing gingivitis, whereas the species causing pericoronitis were almost the same as those causing gingivitis and periodontitis. However, one of the pathogens of adult periodontitis, Porphyromonas gingiva lis [20, 21] , is a rare cause of pericoronitis [17, 18] .
Acute tonsillitis has been mainly considered as a streptococcal disease [22] . In a study of Finnish conscripts [23] , Streptococcus pyogenes (group A) was isolated in 38% of cases of em 1996;23 (July) acute tonsillitis, and non-group A streptococci were isolated in 18% of the cases. Correspondingly, when antibodies to viruses were measured, adenovirus, Epstein-Barr virus, and influenza virus were recovered in 31%, 6%, and 5% of the cases, respectively. However, anaerobic bacterial species also have been isolated from infected tonsils [24] [25] [26] . Brook and Foote [27] previously suggested that tonsillitis can be a polymicrobial infection.
To assess the association between respiratory tract infections and pericoronitis, we investigated separately and concomitantly the aerobic and anaerobic bacterial species isolated from healthy and diseased tonsils and from adjacent symptom-free and diseased pericoronal pockets of partly erupted lower third molars.
Material
A total of 53 bacteriologic samples from 31 Finnish male conscripts (mean age ± SD, 20.4 ± 1.2 years; age range, 18.3-23.3 years) were obtained. The men were recruited for the study during a 1.5-year period at the Valkeala Military Hospital in southeastern Finland. The study protocol was designed to include all the conscripts who had tonsillitis and a partly erupted lower third molar in vertical position with an occlusal surface one-third to two-thirds visible that was on the same side as the infected tonsil. These anatomic criteria helped us to standardize the sampling of bacteria. All the subjects who had received antimicrobial agents during the preceding 30 days were excluded.
The men were divided into four groups. The first group included nine men who had tonsillitis without partly erupted third molars. Only their infected tonsils were sampled. The second group of seven men had tonsillitis and a partly erupted lower third molar on the same side (five men were symptomfree and two had pericoronitis). The samples were taken from their tonsils and pericoronal pockets of the third molars. The third group comprised nine men with pericoronitis and healthy tonsils. Their pericoronal pockets and adjacent tonsils were sampled. The fourth group of six men underwent uncomplicated lower-third-molar extraction; three men had pericoronitis, one had an abnormal tooth position, one had dental caries, and one had unspecified pain as the indication for extraction.
No antibiotics were given preoperatively or postoperatively, and no complications were recorded during or after the surgery. The samples were taken from the extraction sockets of these men 7 days after removal of the tooth. Healthy tonsils on the same side were simultaneously sampled.
Methods
Specimen collection. Samples from pericoronal pockets were absorbed in sterile paper points according to the methods of Mombelli et al. [17] , Dahlen et al. [28] , and Rajasuo et al. [29] . The gingival tissue at the sampling site was cleaned with 70% ethanol on cotton swabs, and contamination by saliva was carefully avoided by using suction. One 0.8-mm-thick sterile paper point was placed for 30 seconds as deep as possible between the crown and the gingival flap of the partly erupted lower third molar. If pus was present, samples were obtained by simultaneously pressing the retromolar gingiva. The samples from the extraction sockets were taken by the same paper point method after the socket was dried twice by a sterile cotton swab in a tweezer. The samples were placed into a nonnutrient transport medium (VMGA III [viability-preserving medium of the University of Gothenburg no. III] Scientific Laboratory of the Institute ofDentistry, University ofHelsinki, Helsinki) [30] .
The tonsillar surface at the crypt orifice was first dried and then cleaned with 70% ethanol to minimize surface contamination. The palatoglossal arch was then compressed by a wooden spatula to provoke pus from the tonsillar crypt. The ensuing secretion was absorbed in a sterile swab and placed in Transpocult medium (Orion Diagnostica, Espoo, Finland). All samples were transported to the Anaerobe Reference Laboratory of the National Public Health Institute (Helsinki) within 5 hours.
Culture and identification. Samples from pericoronal pockets of third molars in the VMGA III transport medium were dispersed by blending in a Vortex mixer (Vortex-Genie model K-550-GE, Scientific Industries, Bohemia, NY). Tenmicroliter aliquots of this sample and its 1:100 dilution were transferred to the center of agar plates with a micropipette and streaked evenly on a rotating plate. The tonsillar swabs were cultured similarly before (for aerobes) and after dilution in 10 mL of thioglycollate broth and after one more 1:10 dilution (for both aerobes and anaerobes).
The following media were inoculated: blood and chocolate agars for the isolation of aerobes, Streptococcus mitis/Streptococcus salivarius agar for the selective isolation of Streptococcus mutans, and Sabouraud dextrose agar for recovery of yeasts. The anaerobic media included the following: blood-, hemin-, and vitamin Kj-supplemented brucella and fastidious anaerobe agars for determination of the total bacterial counts; kanamycin (75~g/mL)/vancomycin (2~g/mL) laked sheep blood agar for isolation of Prevotella species, Porphyromonas species, and Bacteroides species; fastidious anaerobe agar with neomycin/vancomycin for isolation of Fusobacterium species; trypticase soy agar with bacitracin/vancomycin for the selective isolation of A. actinomycetemcomitans and some corroding gram-negative rods; cadmium-fluoride-acriflavine-tellurite agar for isolation ofActinomyces species; phenylethyl alcohol blood agar for isolation of gram-positive cocci and other anaerobes; lactobacillus selective agar for isolation of lactobacilli; and bacteroides bile-esculin agar with gentamicin for isolation of Bacteroides fragilis group organisms and Bilophila species [31] [32] [33] .
Aerobic cultures were incubated at 36°C in an atmosphere containing 5% CO z for 2-3 days. Anaerobic cultures were incubated in jars filled by the evacuation-replacement method with mixed gas (80% N z, 10% CO z, 10% Hz) at 36°C for 7-14 days before the plates were discarded. The colonies were enumerated and isolated, and subcultures were identified according to standard methods (including gram staining, determination of colonial morphology, microscopic staining, determination of microscopic morphology, aerotolerance testing, identification by disk diffusion testing, determination of biochemical and fermentation reactions in prereduced anaerobically sterilized media, profiles of preformed enzymes, and gasliquid chromatography for profiles of short-chain fatty acids [32] [33] [34] [35] [36] 
Results
Cultures of all of the 53 bacteriologic samples yielded aerobic bacterial growth, and cultures of all but one of the samples of infected tonsils and all but one of the samples from extraction sockets yielded anaerobic growth. Cultures of all of the samples from men with pericoronitis and healthy tonsils yielded at least heavy growth of both aerobic and anaerobic bacteria. Cultures of the following specimens yielded heavy aerobic growth and heavy anaerobic growth: samples from symptom-free pericoronal pockets (80% and 100%, respectively), samples of infected tonsils (93.8% and 87.5%, respectively), and samples from extraction sockets (50% and 16.7%, respectively).
The maximum number of isolates per sample was 25, and the mean number ± SD was 15.0 ± 4.8 (mean number of aerobes, 4.9; mean number of anaerobes, 10.1). The average number of aerobic bacterial species and the average number of anaerobic bacterial species per specimen were as follows: symptom-free pericoronal pocket samples, 4.2 and 10.6, respectively; infected pericoronal pocket samples, 5.1 and 14. and none of the symptom-free pericoronal pocket samples (P < .05). The differences in the rates of isolation from infected pericoronal pocket samples and infected tonsil samples were statistically significant for the following organisms: Corynebacterium species (55% vs. 0, respectively; P < .01), Prevotella denticola (55% vs. 0, respectively; P < .01), Capnocytophaga species (91% vs. 19%, respectively; P < .01),
Peptostreptococcus anaerobius (55% vs. 13%, respectively; P < .04), and Lactobacillus species (64% vs. 13%, respec-cm 1996;23 (July) 
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II Includes streptococci of group B (1 strain), group C (4), and group G (4) (all but one from tonsilar samples). S.pyogenes is listed separately. tively; P < .01). There were no statistically significant differences in positive findings of bacterial species between symptom-free and infected pericoronal pocket samples and between healthy and infected tonsil samples. If only heavy-to-abundant growth was defined as positive, Lactobacillus and Veillonella species were isolated more frequently from healthy tonsil samples than from infected tonsil samples (27% vs. 0 [P < .05] and 47% vs. 6% [P < .05], respectively).
If an adjacent partly erupted lower third molar was present (second study group), the average number of anaerobic bacterial species per infected tonsil sample was 10.3. If the tooth was lacking (first study group), the corresponding number was only 6.9 (P < .05). The average numbers of aerobic bacterial species for these study groups were 6.1 and 5.1, respectively. The differences in the rates of isolation from samples of infected tonsils with an adjacent partly erupted third molar and samples of infected tonsils without this tooth were statistically significant for the following six bacterial species: S. mutans (71% vs. 22%, respectively; P < .05), Neisseria species (71% vs. 22%, respectively; P < .05), Eubacterium aerofaciens (43% vs. 0, respectively; P < .05), Clostridium species (43% vs. 0, respectively; P < .05), Prevotella oris (43% vs. 0, respectively; P < .05), and P. micros (71% vs. 11%, respectively; P < .05) (the differences for the last three species were statistically significant only if heavy-to-abundant growth was defined as positive). S. mitis was isolated more frequently in cases where no partly erupted lower third molars were present than in cases in which partly erupted lower third molars were present (44% vs. 0, respectively; P < .05). Three of six samples of healthy tonsils with adjacent extraction sockets were positive for group G streptococci compared with no samples of healthy tonsils with adjacent pericoronitis (P < .05).
The bacterial species that were isolated concomitantly from both infected tonsil samples and samples from pericoronal pockets of adjacent third molars, infected pericoronal pocket samples and samples of adjacent healthy tonsils, and samples from extraction sockets of third molars and samples of adjacent healthy tonsils are shown in tables 3, 4, and 5, respectively. Both infected pericoronal pocket and healthy tonsil samples from four of nine subjects were positive for S. mutans, whereas samples from five subjects were negative for S. mutans (table 4) . Extraction socket samples and sam- 
ples of adjacent healthy tonsils from only one of six subjects were positive for Stomatococcus species and Prevotella oralis (table 5) .
Discussion
In the present study, most of the bacterial species that were isolated belong to the normal oral flora. However, in patients with oral infections, bacteria normally found in healthy mouths can also act as pathogens if predisposing factors or conditions prevail. Circumstances favoring infections include disturbance of the balance of the microbiota (e.g., by antimicrobial therapy) and disruption of mucosal barriers by spontaneous or induced trauma [37] . Unless care is taken to remove the indigenous bacteria, as in the present study, the samples will be contaminated, and the "true pathogens" and their relative proportions may be masked. Furthermore, bacteriologic sampling, sample transportation, and culture techniques are very prone to methodological errors that often lead to underestimation or overlooking of fastidious bacteria, especially anaerobes.
At present, a total of 509 different kinds of bacteria have been detected in gingival samples, and 368 species have been isolated more than once [38] . Most of these microbes are obligately anaerobic bacteria [39, 40] . Dental plaque provides the medium for growth of bacteria, mostly gram-positive organisms such as streptococci and Actinomyces species [41, 42] . In particular, facultative anaerobic streptococci are the most frequent species on buccal and palatal mucosae and crypts of the tongue [41] . Gram-positive species provide adhesin receptors for the attachment of gram-negative species [43] and, in particular, obligately anaerobic bacteria [39, 40] . Their frequency in the oral cavity increases dramatically until tooth eruption [39, 44] . Most of the indigenous anaerobes are part of the normal oral flora and act as a defending barrier against pathogens [40, 45] .
The tongue has been considered as the major source of common salivary bacteria, such as gram-positive facultative cocci [46] . In addition, obligately anaerobic gram-negative species normally found in periodontal pockets and on various oral surfaces, such as Bacteroides, Porphyromonas, and Prevotella species, have been frequently isolated from salivary samples [47, 48] .
It is natural that the same bacterial species can be found concomitantly (e.g., in pericoronal pockets of lower third molars and on adjacent tonsils) because highly contaminated saliva flows freely between anatomically close sites. Most of the microbes detected in the present study belong to the normal flora, but some of them may act as pathogens provided that the anatomic barriers are broken. Nevertheless, we could not show that concomitance of the well-known suspected pathogens (S, pyogenes in infected tonsil samples and A. actinomycetemcomitans, P. gingiva lis, and P. intermedial. P. nigrescens group in infected pericoronal pocket samples) was statistically significant. However, we did show that some bacterial species were found in both infected pericoronal samples and samples of adjacent healthy tonsils (e.g., S. mutans and Leptotrichia buccalisi and in both extraction socket samples and samples of adjacent healthy tonsils (e.g., Stomatococcus species and p. oralisi.
Thus, we can speculate bacteriologically the previously observed associations between tonsillitis and pericoronitis of Table 4 . Bacterial species or groups that were isolated concomitantly from both infected pericoronal pocket samples and samples of adjacent healthy tonsils from nine male conscripts in Finland. Table 5 . Bacterial species or groups that were isolated concomitantly from both third-molar extraction socket samples (7 days after tooth removal) and samples of adjacent healthy tonsils from six male conscripts in Finland. em 1996;23 (July) lower third molars [15] . However, most cases of tonsillitis are caused by viruses [49] , whereas the virological etiology of acute and chronic pericoronitis is totally unknown. Degre [50] has suggested that viral infections may damage mucous membranes and predispose tissues to secondary infection by bacteria. Consequently, associations between tonsillitis, acute pericoronitis, and extractions of third molars can be discussed mainly on a bacteriologic basis.
The pathogens of pericoronitis of lower third molars are mainly gram-negative anaerobic microorganisms [5, [16] [17] [18] [19] . Many aerobic and anaerobic organisms have also been found in alveolar bone sockets following extraction of teeth [51] . Bacterial species that have been suggested as pathogens of periodontal disease and pericoronitis are part of the indigenous oral microflora [52] , which predominantly comprises gramnegative anaerobic rods [42] . The exogenous nature of pathogens of periodontitis, such as A. actinomycetemcomitans and P. gingivalis, has also been suggested [53] , although periodontopathogens do not seem to be easily transmitted between adults [54, 55] . However, Saarela et al. [56] have shown that the same serotypes or ribotypes ofA. actinomycetemcomitans, S. mutans, and P. gingivalis are transmitted between spouses, and Matta et al. [57] have shown that P. intermedialP. nigrescens group is transmitted between spouses.
It is generally accepted that pathogens of tonsillitis are transmitted between patients. Suzuki et al. [22] suggested that nearly one-half of the causative bacteria of tonsillitis in Japan are streptococci. Similarly, Ylikoski and Karjalainen [23] showed that group A streptococcus and/or adenovirus infections accounted for 62% of the cases of acute tonsillitis in Finnish young men. Non-group A streptococci may also cause pharyngotonsillitis, although contrasting opinions also prevail [58] . However, anaerobic bacterial species consisting of mainly normal oral flora may also play a significant role in tonsillitis, in particular in recurrent tonsillitis.
Anaerobic species have been recently isolated from cultures of tonsillar surface specimens from patients with tonsillitis [24, 27] . Almadori et al. [24] found 58 anaerobic species in cultures of tonsillar surface specimens and 75 anaerobic species in cultures oftonsillar core samples. P. intermediamay be a pathogen in such cases [26] , as may be P. melaninogenica and F. nucleatum [27] . In the present study, 68.8% of infected tonsil samples and all ofthe infected pericoronal pocket samples were positive for P. intermedialP. nigrescens group. Recent preliminary data have shown that P. intermedia was commonly isolated from diseased periodontiums and that P. nigrescens was commonly isolated from periodontally healthy gingival pockets [57, 59] . These bacterial species are phenotypically similar, and in the present study, they were not differentiated in pericoronal samples vs. tonsillar samples on the basis of health or disease.
The bacteriology between tonsillar surfaces and cores in patients undergoing tonsillectomy has been compared [60, 61] . The correlation between organisms isolated from surface compared with core samples from a large percentage of patients was poor or did not exist. The bacterial concentration in the tonsillar core appears to be related to the presence of aerobic bacteria on the tonsillar surface [62] . However, these findings were for patients with chronic or recurrent tonsillitis and therefore cannot be directly compared with the findings of the present study.
Because our patients did not undergo tonsillectomies and because tonsillar core cultures were not performed, we tried to optimize sampling by collecting provoked pus from tonsillar crypts after the orifice rims were dried and cleaned with 70% ethanol to avoid surface contamination. Alcohol most probably did not interfere with our sampling efficiency because of its rapid evaporation. We also cleaned the gingival tissue before the sampling of pericoronal pockets to avoid contamination with surface microbes.
Recurrence of tonsillar and peritonsillar infections has been shown to be associated with findings of Fusobacterium necrophorum in aspirated pus samples from peritonsillar abscesses [63] . We found F. necrophorum in 38% of infected tonsil specimens and 36% of infected pericoronal pocket samples. However, F. necrophorum was found even more frequently in healthy tonsil samples (47%) and symptom-free pericoronal pocket samples (40%). The availability of F. necrophorum at noninfected sites may partially explain why it is a common cause of infections at those sites.
If the affected tooth is not extracted after the first bout of pericoronitis, a 5-month-to-l-year cyclic recurrence is typical for acute pericoronitis [10] . The cycle can also be explained by the recurrent pattern of respiratory tract infections. The results of the present study show that tonsillitis can be polymicrobial; these organisms may be the same aerobic and anaerobic bacterial species found in symptom-free or infected pericoronal pockets of partly erupted lower third molars. The anatomically close relationship between tonsils and lower third molars and the present bacteriologic findings favor the hypothesis that some of the causative agents of tonsillitis and acute or chronic pericoronitis are the same. Although a preceding respiratory tract infection may weaken the general condition of the patient and increase the risk of pericoronitis, our results emphasize a need for further investigations to determine whether pericoronitis may predispose a patient to tonsillitis and other upper respiratory tract infections. However, a larger study sample would be needed to finally test the hypothesis. On the basis of our results, future studies could be focused on certain aerobic and anaerobic bacterial species that are suspected pathogens and/or were frequently isolated.
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